Abstract The Hsp70 family members play an essential role in cellular protein metabolism by acting as polypeptidebinding and release factors that interact with nonnative regions of proteins at different stages of their life cycles. Hsp40 cochaperone proteins regulate complex formation between Hsp70 and client proteins. Herein, literature is reviewed that describes the mechanisms by which Hsp40 proteins interact with Hsp70 to specify its cellular functions.
INTRODUCTION
Hsp40s represent a large protein family that functions to specify the cellular action of Hsp70 chaperone proteins. The Hsp40 family is large, for example, the genomes for Saccharomyces cerevisiae and Homo sapiens encode 20 and 44 members, respectively Cheetham and Caplan 1998; Venter et al 2001) . Hsp40 family members have different domain structures and can be divided into 3 different subtypes (Fig 1) . Type I Hsp40s are descendants of Escherichia coli DnaJ, and 12 of the 44 Human Hsp40 have a domain structure similar to that of DnaJ, the other 32 having divergent structures, with the majority populating subtype III (Venter et al 2001) .
Hsp70 family members are often colocalized in the same subcellular compartment with multiple members of the Hsp40 family that have specialized individual functions. The interaction of a single Hsp70 with multiple Hsp40s generates unique Hsp70-Hsp40 pairs that facilitate specific processes at distinct locations within the cell (Caplan et al 1992a (Caplan et al , 1992b Ungermann et al 1994; Dey et al 1996; Liu et al 1998; Meacham et al 1999b; Gall et al 2000; Horton et al 2001) . Thus, a mechanistic understanding of Hsp40 function as regulators of Hsp70 is fundamental to understanding the cell biology of molecular chaperones.
The major function of Hsp40 proteins is to regulate adenosine triphosphate (ATP)-dependent polypeptide binding by Hsp70 protein (Liberek et al 1991; Wickner et al 1991; Cyr et al 1992; Langer et al 1992; Palleros et al 1993; Szabo et al 1994) (Fig 2) . Substrate release from Hsp70 is regulated by nucleotide exchange factors that are related by the E coli GrpE protein (Liberek et al 1991; Harrison et al 1997; Sondermann et al 2001) . The mechanism for regulation of Hsp70 function by GrpE-like cochaperones is discussed elsewhere in previous reviews in Cell Stress and Chaperones.
GENERAL MECHANISMS FOR REGULATION OF HSP70 FUNCTION BY HSP40
Hsp40 proteins regulate complex formation between Hsp70 and polypeptides by 3 mechanisms. First, Hsp40 proteins have evolved to contain unique classes of polypeptide-binding domains (PPDs) that bind and deliver specific clients to Hsp70 Cheetham and Caplan 1998) . Second, Hsp40 proteins stabilize Hsp70-polypeptide complexes by driving the conversion of Hsp70 from its ATP form to the adenosine diphosphate form (Liberek et al 1991; Cyr et al 1992; Langer et al 1992) . Third, specialized members of the Hsp40 family are localized to different sites within the same cellular compartment (Brodsky and Schekman 1993; Cyr and Neupert 1996; Shen et al 2002) . Interaction of Hsp70 with differentially localized Hsp40s enables different Hsp70-Hsp40 pairs to bind unique clients at these sites.
REGULATION OF HSP70 ATPASE ACTIVITY BY HSP40
The domain in Hsp40 proteins that is responsible for regulation of Hsp70 ATPase activity is the J-domain, and it is present in all Hsp40 family members (Fig 1) . The J- The organization of Hsp70 into different subdomains. The 44-kDa adenosine triphosphatase (ATPase) domain represents a 44-kDa amino terminal fragment of Hsp70 that contains the ATPbinding site and retains ATPase activity. The 18-kDa polypeptide-binding domain (PPBD) represents an internal fragment of Hsp70 that functions as the PPD. The 10-kDa lid domain (LD) is a C-terminal fragment that is proposed to function as an LD that covers the PPBD and serves as a site for the binding of cochaperones. (B) Domain structure of different Hsp40 subtypes. J, Jdomain; G/F, glycine-and phenylalanine-rich region; ZFLR, zinc finger-like region; G/M, glycine/methioine-rich region; CTDI, carboxyl-terminal domain I; CTDII, is carboxyl terminal domain II; DD, the dimerization domain. The examples represent Hsp40 proteins from E coli, S cerevisiae, and H sapiens.
Fig 2.
A proposed model for Hsp40-dependent polypeptide binding and release by Hsp70. Hsp40 proteins form complexes with unfolded or nonnative proteins to prevent their aggregation. Hsp40 then delivers the unfolded protein to Hsp70. Stable Hsp70-protein complexes are then formed by a mechanism that involves Hsp40 J-domain dependent conversion of Hsp70-adenosine triphosphate (ATP) to Hsp70-adenosine diphosphate. Hsp70-protein complexes dissociate upon regeneration of Hsp70-ATP. Upon release from Hsp70, an unfolded polypeptide can fold, aggregate, or be rebound by Hsp40 and Hsp70. domain is about 75 amino acids in length and can be found at various locations within Hsp40 proteins (Caplan et al 1993) . The J-domain was first identified in E coli DnaJ and contains a conserved HPD tripeptide that represents the signature motif of the Hsp40 protein family (Yochem et al 1978) . The nuclear magnetic resonance (NMR) solution structure of the J-domain has been solved (Hill et al 1995; Qian et al 1996) , and it is constructed from 4 ␣-helical regions (Fig 3A) . Helix II and helix III lie in an antiparallel orientation and are separated by a solventexposed loop that contains the HPD motif (Fig 3A) . The HPD motif plays a critical role in the regulation of Hsp70 function because mutations in it block the ability of Hsp40s to regulate Hsp70 ATPase activity (Wall et al 1994; Tsai and Douglas 1996; Kelley and Georgopoulos 1997; Mayer et al 1999) .
The J-domain is proposed to interact with Hsp70 at an acidic groove located in the ATPase domain (Fig 3B) . The putative J-domain-Hsp70 interaction site was identified by extragenic suppressor analysis of a DnaJ D35N mutant, which contains an alteration in the HPD motif that causes defective growth (Suh et al 1998) . Spontaneous mutations of DnaK at R167 were observed to alleviate the growth defects caused by DnaJ D35N (Suh et al 1998) . DnaK R167 maps to a solvent-exposed and highly conserved acidic groove that is located opposite to the ATPbinding cleft in DnaK (Suh et al 1998) .
In complementary studies on Hsp40 and Hsp70 interactions, chemical shift mapping was used to demonstrate that amino acid residues located in helix II and the HPD motif of the J-domain form an interface with the Hsp70 ATPase domain (Greene et al 1998) . In addition, a synthetic peptide that contains the HPD motif and helix II is sufficient to inhibit functional interactions between Hsp40 and Hsp70 (Tsai and Douglas 1996) . Thus, helix II and the HPD motif of the J-domain appear to bind an acidic cleft in the Hsp70 ATPase domain and thereby stimulate Hsp70 ATPase activity.
Studies on the molecular dynamics of J-domain-Hsp70 interactions demonstrate that the J-domain exists in a dynamic ensemble of conformations that is constrained upon binding to Hsp70 (Landry 2003) . Dynamic flexibility was observed in several regions of the J-domain, and helix II was observed to bend upon interacting with Hsp70 (Landry 2003) . The influence that J-domain binding has on the conformation of the Hsp70 ATPase domain has not been investigated. Nonetheless, the dynamic nature of the J-domain structure and its constraint upon interaction with Hsp70 suggests that the details of the Jdomain-Hsp70 complex formation play a critical role in regulation of Hsp70 ATPase activity (Landry 2003) .
The ability of the J-domain to stimulate Hsp70 ATPase activity is enhanced by the presence of peptides bound in the polypeptide-binding site of Hsp70 (Bukau and Horwich 1998) . Because ATP hydrolysis leads to a conformational change in Hsp70 that stabilizes Hsp70-polypeptide complexes, a mechanism for interdomain communication between the ATPase and PPD of Hsp70 appears to exist (Buchberger et al 1994; Montgomery et al 1999) . The Bukau group has identified E171 of the DnaK ATPase domain as a residue that is dispensable for ATP hydrolysis but is required for DnaK to refold model substrates (Buchberger et al 1994) . DnaK E171 is conserved as E175 in mammalian forms of Hsp70 ( Fig 3B) and is part of the ATP-binding pocket that contacts bound Mg 2ϩ -ATP (Flaherty et al 1990) . DnaK E171 is proposed to form part of a hinge that facilitates movements in the ATPbinding pocket that drive conformational changes in the PPD that regulate substrate binding and release (Buchberger et al 1994) . Interestingly, amino acid E171 is located near the acidic groove that contains R167 in the Jdomain-binding site in Hsp70. Thus, J-domain binding to Hsp70 has the potential to influence the conformation of the hinge that controls communication between the Hsp70 ATPase and PPDs.
HSP40-DEPENDENT LOADING OF HSP70 WITH NONNATIVE PROTEIN
Results from biochemical studies carried out with Hsp40 fragments demonstrate that the J-domain alone is sufficient to stimulate Hsp70 ATPase activity (Wall et al 1994) . However, the J-domain needs to be attached to a functional PPD to promote complex formation between Hsp70 and nonnative proteins (Ungewickell et al 1995; Minami et al 1996; Hartl and Hayer-Hartl 2002) . Presently, the mechanism by which different Hsp40s function to bind and deliver nonnative proteins to Hsp70 is unclear. Hsp40s can bind substrates independent of Hsp70 and enhance the ability of Hsp70s to bind nonnative proteins (Langer et al 1992) . Thus, Hsp40s are proposed to bind nonnative proteins before Hsp70 (Fig 2) , but whether this is always the case is not clear. Because Hsp70 and Hsp40s are capable of simultaneously binding different regions on nonnative proteins, the formation of an Hsp40-polypeptide-Hsp70 ternary complex is proposed to represent an important intermediate in the Hsp70 polypeptidebinding and release cycle .
Hsp40-polypeptide-Hsp70 ternary complexes have been isolated (Hartl and Hayer-Hartl 2002) , and the formation of such complexes appears to facilitate substrate transfer from Hsp40 to Hsp70 .
POLYPEPTIDE BINDING BY HSP40S
Type I and type II Hsp40s function as ATP-independent chaperones that bind nonnative polypeptides and protect cells from stress by preventing protein aggregation (Cheetham and Caplan 1998) . Type I and type II Hsp40s can form complexes with newly synthesized proteins and, therefore, are proposed to assist Hsp70 in cotranslational protein folding (Frydman et al 1994; Hartl and Hayer-Hartl 2002) . Purified type I Hsp40s can function independent of Hsp70 to directly bind nonnative proteins and suppress protein aggregation (Langer et al 1992; Cyr 1995; Meacham et al 1999b) . Type II Hsp40s can directly interact with nonnative proteins to maintain them in a folding-competent conformation (Freeman and Morimoto 1996; Lee et al 2002) . However, type II Hsp40s are not equivalent to type I Hsp40s as chaperones because they must function with Hsp70 to suppress the aggregation of model proteins (Minami et al 1996; Lu and Cyr 1998b; Muchowski et al 2000) .
Type III Hsp40s do not appear to be general chaperones and have evolved to contain PPDs that recognize specific substrates (Cheetham and Caplan 1998) . For example, the yeast Hsp40 Swa2 and mammalian axullin contain a J-domain and a clathrin-binding domain that cooperate to facilitate Hsp70-dependent uncoating of clathrin-coated vesicles (Ungewickell et al 1995; Gall et al 2000) . Most of the mechanistic studies on Hsp40 chaperone function have been carried out with type I and type II Hsp40s. Thus, the remainder of this section of the article will review data that concern the mechanism by which type I and type II Hsp40 function as polypeptidebinding proteins.
Because Hsp40s and Hsp70s can bind different regions of the same protein, they are likely to exhibit differences in substrate specificity or binding affinity. Indeed, DnaJ and Dnak have been observed to activate the bacteriophage P1 RepA protein in E coli by binding it at distinct sites (Kim et al 2002) . DnaJ recognizes a 21-residue stretch in RepA, SKLWELFQLDYRVLLQHHALR, that is located between amino acids 180 and 200 of this 286-amino acid protein (Kim et al 2002) . This DnaJ-binding motif is enriched with a mixture of hydrophobic and charged residues, with the longest stretch of hydrophobic amino acids being 3 residues long. The DnaK-binding site on P1 was located between residues 36 and 49, RLGVFVPKPSKSKG, and is thus distinct from the DnaJbinding site (Kim et al 2002) . These data are consistent with the model put forth by Christen where Hsp70 and Hsp40 can bind protein targets at different sites simultaneously .
In a study designed to define motifs in nonnative proteins that are recognized by type I Hsp40s, the Bukau group used purified DnaJ to screen cellulose-bound peptide arrays that displayed 1633 different peptides derived from 14 different protein sequences (Rudiger et al 2001) . This analysis identified a motif recognized by DnaJ that had a core of 8 residues and was enriched in aromatic and large hydrophobic amino acids and arginine (Rudiger et al 2001) . Residues 1910 Residues -2000 in the P1 RepA DnaJbinding motif, RVLLQHHALR, closely resemble those predicted to represent the peptide-binding motif of DnaJ (Rudiger et al 2001) .
The substrate specificity of yeast type I and type II Hsp40s was recently compared side by side in studies that used purified Ydj1 and Sis1 to biopan a 7-mer phage peptide display library (Fan et al 2004) . Ydj1 and Sis1 were both found to select sets of peptides that were enriched in aromatic and bulky hydrophobic amino acids. However, the groups of peptides that were selected by Ydj1 and Sis1 exhibited differences in the enrichment of specific amino acids. Ydj1 preferred peptides that had a hydrophobic stretch of 3-4 residues, but peptides selected by Sis1 did not contain a patch of hydrophobic residues (Fan et al 2004) . Thus, the PPDs of Ydj1 and Sis1 can bind hydrophobic regions exposed by nonnative proteins and exhibit some overlapping substrate specificity, but they are selective (Fan et al 2004) .
Because Ydj1 and DnaJ are both type I Hsp40s, they would be expected to exhibit similar substrate selectivity. Indeed, DnaJ and Ydj1 both bind peptides enriched in the aromatic amino acids F, W, and Y; the large hydrophobics I and L; and the polar residue H. In addition, Ydj1 and DnaJ appear to exclude the amino acids P and K from the peptides they select (Rudiger et al 2001; Fan et al 2004) . Thus, type I Hsp40s DnaJ and Ydj1 share a conserved domain structure and exhibit similar substrate specificity. Investigators have also examined whether peptide recognition by Hsp40s relies on side-chain interactions or involves backbone recognition (Rudiger et al 2001; Bischofberger et al 2003) . To address this question, the ability of DnaJ to interact with peptides consisting of L-and D-amino acids was examined. DnaJ was found to bind both D-and L-peptides (Rudiger et al 2001; Bischofberger et al 2003) . Thus, substrate recognition by type I Hsp40s is proposed to rely exclusively on side-chain recognition (Rudiger et al 2001) . Substrate binding by Hsp70 involves both side-chain and backbone contacts (Zhu et al 1996) . Therefore, there is a clear distinction in the mechanism for substrate recognition by Hsp70 and Hsp40. The ability of Hsp40 to recognize amino acid side chains appears to enable it to scan substrates for hydrophobic surfaces and make the initial contacts with proteins that are subsequently targeted to Hsp70 (Rudiger et al 2001) .
PPDS OF HSP40S
The mechanism by which Hsp40s function to bind nonnative polypeptides is not clear. However, there is evidence that suggests that structurally distinct domains located within the central regions of type I and type II Hsp40s function in polypeptide binding (Fig 1) . In type I Hsp40 proteins, a protein module that lies between the J-domain and carboxyl-terminal domain II (CTDII), which contains a conserved zinc fingerlike region (ZFLR), has been implicated as a component of the polypeptidebinding site (Banecki et al 1996; Szabo et al 1996; Lu and Cyr 1998a) . In type II Hsp40s the ZFLR protein module has been replaced by a glycine-and methionine-rich region (G/M) and CTDI (Fig 1) . Studies on the yeast Hsp40 Sis1 suggest that CTDI functions as a component of the type II Hsp40 PPD (Lee et al 2002) .
The ZFLR of type I Hsp40s is a centrally located and cysteine-rich protein module that consists of 4 repeated Cys-X-X-Cys-X-Gly-X-Gly motifs that function in pairs, and each pair binds a single molecule of zinc. The NMR structure of a 79-residue ZFLR fragment of E coli DnaJ (Martinez-Yamout et al 2000) depicts this domain to have a novel fold with an overall V-shaped, extended ␤-hairpin topology (Fig 4A) . The conformation of the cysteine residues coordinated to zinc ion resembles that of a rubredoxin knuckle, but there are differences in the hydrogenbonding patterns of these 2 different metal-binding motifs (Martinez-Yamout et al 2000) .
The V-shaped groove in the DnaJ ZFLR has the potential to be involved in protein-protein interactions (Martinez-Yamout et al 2000) , and fragments of E coli DnaJ that contain the ZFLR are capable of directly interacting with at least some nonnative proteins (Szabo et al 1996) . However, whether the Hsp40 ZFLR plays a direct or indirect role in substrate binding is not clear. This is the case because Hsp40 ZFLR mutants that exhibit defects in protein-folding activity do not exhibit defects in polypeptide binding (Lu and Cyr 1998a) . In addition, deletion of the ZFLR from DnaJ does not abolish substrate binding (Banecki et al 1996) . A proteolytic fragment of Ydj1, Ydj1 (179-384), which lacks the J-domain and the first zincbinding module of the ZFLR is capable of suppressing protein aggregation and therefore retains the chaperone function of Ydj1 (Lu and Cyr 1998a) . On the basis of these data, it was suggested that the ZFLR and adjacent C-terminal regions were components of the type I Hsp40 PPD (Lu and Cyr 1998a) .
Study of the yeast Hsp40 Sis1 has localized the polypeptide-binding site of type II Hsp40s to a C-terminal fragment that contains residues 171-352 of this 352-ami- . Glu175 is also located near R167, which is found in an acidic cleft where J-domain binding to Hsp70 is proposed to occur (see text). Gly382 denotes the terminus of ATPase domain. ␤-Strands are shown in gold, and ␣-helices are in pink. The J-domain and Hsp70 ATPase fragment structures were from PDB files 1BQZ and 1HJO, respectively, and the images shown were generated with Rasmol. . The surface shown depicts contours on CTDI with concave areas in gray and convex areas in green. A surface hydrophobic groove that contains 2 shallow depressions is visible. Solvent-exposed residues that line the depression are denoted. F251 and L249 form the base of the individual depressions. Panels in (B) and (C) were rendered from PDB file 1C3G with Rasmol and GRASP software packages, respectively. no acid protein (Lu and Cyr 1998b) . The X-ray crystal structure of Sis1 171-352 was solved (Sha and Cyr 1999; Sha et al 2000) , and it depicts a homodimer that has a cystallographic 2-fold axis (Fig 4B) . Sis1 171-352 monomers are elongated and constructed from 2 barrellike domains that have similar folds and a mostly ␤-structure.
Sis1 dimerizes through a short C-terminal ␣-helical domain. The Sis1 dimer has a wishbone shape, and there is a cleft that separates the arms of the 2 elongated monomers. CTDI on each monomer contains a shallow depres-sion that is lined by highly conserved, solvent-exposed hydrophobic residues (Fig 4C) . Sis1 is purified from yeast as a dimer (Luke et al 1991) , and monomeric forms of Sis1, which lack its dimerization domain, can stimulate the ATPase activity of Hsp70 but are unable to cooperate with Hsp70 to refold denatured luciferease (Sha et al 2000) . Monomeric Sis1 is also defective in maintaining denatured luciferease in a folding-competent conformation (Sha et al 2000) . Mutational analysis of the residues that line the hydrophobic depression in Sis1 has identified K199, F201, and F251 as amino acids that are essential for cell viability and are required for Sis1 to bind model substrates and cooperate with Hsp70 to refold model substrates (Lee et al 2002) . A hydrophobic depression similar to the one in CTDI is also found in CTDII, but it is occupied by intramolecular protein-protein interactions and, therefore, may not be available for substrate binding (Sha et al 2000) . These collective data suggest that type II Hsp40s function as divalent chaperones that use a solvent-exposed hydrophobic patch located on CTDI to bind nonnative proteins.
MECHANISMS FOR SPECIFICATION OF HSP70 FUNCTION BY TYPE I AND TYPE II HSP40S
As stated above, a single Hsp70 protein can interact with multiple members of the Hsp40 family to form unique Hsp70-Hsp40 couples that have unique functions. In the case of type III Hsp40s, specification of Hsp70 function occurs through the binding of specific clients via their unique PPDs Cheetham and Caplan 1998) . However, because type I and type II Hsp40s appear to have overlapping substrate specificity, how they specify Hsp70 is not clear.
To investigate this question, investigators have used yeast as a model system and examined the functional relationships between Ydj1 and Sis1 that occur with the cytosolic Hsp70 Ssa1-4 and Hsp70 Ssb1-2 proteins. Biochemical studies suggest that Ydj1 and Sis1 interact with Hsp70 Ssa proteins but not with members of the Hsp70 Ssb protein family (Cyr et al 1992 Cyr 1995) . Genetic studies indicate that Ydj1 and Sis1 have specific functional properties that enable them to direct Hsp70 Ssa proteins to facilitate different cellular processes. For example, the overexpression of Sis1 can complement the slow-growth phenotype of ydj1⌬ strains, but Ydj1 cannot complement the lethal phenotype of sis1⌬ strains (Caplan and Douglas 1991; Luke et al 1991) . In addition, the cellular functions of Ydj1 and Sis1 are different. Ydj1 and its human homolog Hdj2 function on the cytoplasmic face of the endoplasmic reticulum to promote membrane protein folding and protect cells from stress (Caplan et al 1992b; Meacham et al 1999b) . Ydj1 is known to be required for proper folding of the insulinaselike protease Axl1 (Meacham et al 1999a) and regulation of cyclin 3 phophporylation and ubiquitination (Yaglom et al 1996) . In addition, Ydj1 is more efficient than Sis1 in maintaining hormone receptors in ligand-binding competent conformations (Fliss et al 1999) . In contrast, Sis1 is found in association with translating ribosomes and is required to facilitate the assembly of translation initiation complexes (Zhong and Arndt 1993; Horton et al 2001) . Sis1, but not Ydj1, is required for the maintenance of the prion [RNQϩ] (Sondheimer et al 2001; Lopez et al 2003) .
Examination of the domain structures of Ydj1 and Sis1 reveals 2 structural differences. First, the glycine-and phenylalanine-rich region (G/F) of Ydj1 and Sis1 are different, with that of Sis1 containing a 10-residue-long insert (Lopez et al 2003) . Second, as mentioned above, the protein modules located in the middle of Ydj1 and Sis1 are different (Fig 1) . Thus, it is plausible that either the G/F domain or the chaperone modules of Ydj1 and Sis1 serve to specify their in vivo functions.
In tests of the latter hypothesis, chimeric forms of Ydj1 and Sis1 were constructed in which the chaperone modules were swapped to form YSY and SYS (Fan et al 2004) . Purified SYS and YSY were found to exhibit protein-folding activity and substrate specificity that mimicked that of Ydj1 and Sis1, respectively (Fan et al 2004) . In in vivo studies YSY exhibited a gain of function and, unlike Ydj1, could complement the lethal phenotype of sis1⌬ and promote the propagation of the yeast prion [RNQ1ϩ] . SYS exhibited a loss of function and was unable to maintain [RNQ1ϩ] . These in vitro and in vivo data suggest that the chaperone modules of Ydj1 and Sis1 are exchangeable and that they help specify Hsp70s cellular functions (Fan et al 2004) .
To determine whether the G/F regions of type I and type II Hsp40s help specify Hsp70 functions, the Craig group has carried out a number of complementation studies with Hsp40 fragments (Yan and Craig 1999) . In these studies, which were conducted with a sis1⌬ strain, the G/F region of Sis1, but not that of Ydj1, was shown to be important for suppression of the inviability caused by the loss of Sis1 function (Yan and Craig 1999) . In addition, Sis1⌬ G/F was demonstrated to be defective at [RNQ1ϩ] maintenance (Sondheimer et al 2001) . The G/F region of Sis1 contains a 10-residue insert GHAFSNEDAF that corresponds to amino acids 102-112 that are not present in the G/F region of Ydj1 (Lopez et al 2003) . When the G/ M region is deleted from the Sis1 chaperone module (see Fig 1) , residues N108I and D110G in the G/F region become important for Sis1 in vivo function (Lopez et al 2003) . Thus, the Sis1 G/F rich region is clearly important for its in vivo function, and it plays an important role in modulating the conformation of at least some substrates.
How the G/F domain functions to help specify Hsp40 action is not established, and a direct interaction between the G/F domain and a substrate protein has not been demonstrated. However, the G/F region is enriched in hydrophobic residues and lies adjacent to regions in Hsp40s that are involved in substrate binding. Thus, it is possible that the G/F region operates as a component of the Hsp40 PPD. On the other hand, the G/F region may have evolved to mediate interactions between Hsp40 and Hsp70 that are important for the conformational maturation of different substrate proteins. Nonetheless, it is clear that the G/F domain and chaperone modules of type I and type II Hsp40 both act to specify Hsp70 cellular functions.
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